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RTSVYXtiY qwtuY gx±l Àdo£n ~Ve lw¡SVYm}tiopexguo{kXe¦qro£WZ¬
o{nV3gul3¡¥lrtuW=klrnVn}YXk;guYX~J~flOW0o£n}qwgio{nVeiYge(31ehYX¢®¡µ¬
eiY¢{YXkgiYj~ ~VlrW0o£n qgio{nV eiYgue¿lrn lrnVY S qwn}~ qwn ~
n}Yo{rSd lOth¬­~fYjeho{rn}qwgiYj~~flOW0o£n}qwgio{nVeiYgelOn giSVY
lrgiSVYXtS}qwn ~«
 n%eiY¢£¡¦ehYX¢£Yjk;giYj~ ~flOWZo{n}qwgio{nVeiYgueXguSVY tuY¬
¢pq¯c nVlf~fYXe5#(67(89:;#(6=<#qrez}qwtiglr¡¦giSVY
klrnVn}YXk;guYX~ ~flOWZo{n}qwgio{nVeiYgX«?>TqreiYX~lOnn}Yo{rSf¬
6lrtuSVldlf~ o{nf¡¥lOtiW3qguo£lOn§¥lrn}Y¬¨SVlrz ±gx1lw¬¨SVlrz 1lrt
W0lOtiY¯ªZgiSVYXcÁ~VYXkop~fYgiS}qwggiS}YcÁ YX¢£lOnV gil giSVY
tuY¢pq¯cJehYgX«Z[±¢pqreueio{kXqw¢Y VqwW0zV¢{YXe^lw¡1ehm}kSqwn qwzf¬





guSVYo{tnVYo{rSd6lrte« RTSVYÁk¢{qOeieiopkqw¢>Y VqwW0zV¢{Y lr¡
eim}kS¤qrn¤qwzVzVtulOqOkS opegiSVY]¿mV¢®guo£slOo£ng|?Y¢pq¯cO¬
o{nV/² ³±m}eiYX~o{n \·zVgiW0o71XYX~C@ o{nVÀ aguqwgiY¦|lOmfgh¬





m ehYj~"3'§¥oµª qrn^lr  ¬¨¢{o£nVY'ehgitqguYOcr¯~fYguYtuWZo{nVYj~·lOn}kY
qrn}~´¡¥lOt^qr¢£¢qg·giSVY*gio{WZYZlw¡H]¿sH|%eiY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 n 6lwguS SVYXmVtiopehgiopk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n}ld~VY>ÀdnVl?e·o®ge^nVY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o£gueZnVYXo£OSd lOt>nVlf~fYjeguS}qg0S}q¯OYqwn  « ©>«SVopkS
ope±rtuYXqguYtHgiS}qrn¦nVlf~fY
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gio{lrn ope>giSVY´]JsH|=ehYX¢£Yjk;guo£lOn
qOe~flOnVY3o£n \%@af|:² ³D«¶ o£giS guSVo{e*SVYm}tiopexguo{k3q
n}ld~VY
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RTS}YtuY qrtiY=gx±l kqwgiYXrlrtuo{YXe lw¡ eiY¢£¡µ¬¨zVtim}nVo£n}
ehgitqguYOo£Yje(30lrn lrnVY¦S qwn}~ qwn lOnf¬D¢{o{nVYehgitqgiYXrc
guS}qgqwz}zV¢£o{YXeTqwg1guSVY·gio{WZY,lr¡ giSVY,VtulOqO~VkqOexg1lrzf¬
YXtuqwgio{lrn}eXHqrn}~ lOn guSVY´lwguSVYt0S}qrn}~ qrn lr  ¬¨¢{o£nVY
ehgitqguYOc0giS}qwgqwzVzV¢{o{YXeT6Y¡¥lrtuYS qwn}~«
RTSVY¦lOnf¬¨¢£o{nVY]Js±|ehYX¢®¡µ¬¨zVtumVnVo{nV¿ehgitqgiYXrco{e
guSVY,¡¥lr¢{¢{lo£nV fqwn}~Tqre;*}texg~fYjeiktio{6YX~o£n ² w³ 3









, ?lf~fY A ! e  « ©>«o{e,eiW0qr¢£¢{Yt·giS qwnqr¢£¢lr¡'giSVY « ©>«Vlw¡o£gueTnVYXo£OS6lrtn}ld~VYXeNM
, ?lf~fY A o{eTeiY¢{YXk;guYX~qreT]JsH| dc0giSVY,nVlf~fYSVo{kSS}qregiSVYehW3qr¢£¢{YXehg  « ©*«qrWZlOnV o£gue
nVYo{rSd6lrtTnVlf~fYXeX«
?lrgiY$c guSVY 1q¯c giS}qwg guSVY lrnf¬¨¢£o{nVY ehYX¢®¡µ¬
z}timVn}o£nVZopeTY
mVo{¯qr¢£YXng1gulZgiSVY,lw 6¬¨¢£o{nVYexgutuqwgiYXrcr
S}YtuY¦giS}Y  « ©*«ope>giSVY´ehY mVYn}kYlOtu~fYXt*lr¡?giSVY
tuYgutuqrn}eiWZopeueho{lrn}e>lw¡·giSVY´VtulOqO~VkqOexgj« RTSVYO*}texg
YXW0o®gigiYt1lrm}¢{~S}q¯rY  « ©>« VLguSVY3ehYjklrn ~¿YW0o£gh¬









D llf~fo{nV opeeio£W0zV¢{c ÀdnVln qOe giSVY`]¿sH|T¬
D llf~fo{nV qwn ~9guSVY lr  ¬¨¢£o{nVYzVtumVnVo{nVope¤qw¢peil
ÀdnVln´qre1guSVY]JsH|T¬h[1©,a D}ldld~Vo£nV «
 n guSVYlr  ¬¨¢{o£nVYzVtumVnVo{nV¿guSVY  © opeZW0qO~fYlr¡
tiYX¢{q¯c>o£¢{¢{o£nVOnVYXeue klOn}kqwgiYn qgiYj~3o£giS  sÁqr~d¬
~VtiYjeieX«  n´guSVY¡¥lr¢{¢{lo£nV01Y*qreueimVW0Y·guS}qg·tiYX¢{q¯c
o{¢{¢£o{nVrn}YXeue1qrtiY,qw¢{¢Y



























gutuqrn}eiWZopeueho{lrn YtutilOtue´qrn}~ ¢£leieXo{n%adYXkgio{lrn }«
RTS}Yn o{nadYXkgio{lrnV11Y¿o{¢£¢·o£ndOYXehgio{OqguY´giSVY
Y 6Yjk;ge·lr¡HW0lrVo{¢{o®gxc¿qrn}~Jlr ehlO¢£YgiYgulrz6lr¢{lrOco{nf¬
¡¥lOtiW3qwgio{lrn « 0 n}~ *}n}qr¢£¢{crr±YTo{¢£¢fOYnVYXtuqr¢£o21Y±giSVY
z}tilOV¢£YXW+lw¡*lO}ehlO¢£YgiYo£nf¡¥lOtiW3qwgio{lrn¤o{n adYjk;guo£lOn
 dc exgum}~fcdo{nV¿rYXtueio{lrn}elr¡?ehYX¢®¡µ¬­ehYX¢£Yjk;guYX~ qwn ~
n}Yo{rSd lOth¬­~fYjeho{rn}qwgiYj~¦qw¢{rlOtio£giSVW3eHgiS}qwg?lrz6YtqguY
lOnqZzVm}tiYX¢£c¦tqwn ~flrW qreio{eX«
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SVYXWZY3S}YtuY¦±Y3W0YXtiOY
n}Yo{rSd lOt~fYjeho{rn}qwgiYj~ [1©,a o£giS¤eiY¢£¡µ¬¨eiY¢{YXkgiYj~
[1©,aL« ¶Y=z}tilOz lehY=giSVY=¡¥lr¢{¢{lo£nV
eikS}YW0Yr




, §°opª  g=S}qOeguSVY ehW3qw¢{¢{YXehg  ©
qrWZlOnVZo®genVYo{rSd6lrtjdlrt
, §°o£oµªo£gope]JsH| lr¡Vo®geehW3qw¢{¢{YXehg  ©
nVYXo£OSd lOtX«
0 n}ld~VY^6Y¢{lrn}Oe1gil0guSVY]JsH|¬ 1[1©,ao£¡ 3
 g6Y¢{lrnVe¿gulguSVY lw 6¬D¢{o{nVY zVtumVnVo{nV
]JsH| ehYgqwn}~Yo£giS}Yt














,  n}ktuYXqOeho{nV  s2qr~V~ftuYXeue 3  lrgiS lr  ¬¨¢{o£nVY
zVtim}nVo£n}qrn}~eiY¢£¡1eiY¢{YXkgio{lrn qwtuY>W3qO~fY3qrk;¬
klrt~fo{nV>gil  s qr~V~VtiYjeieiYXeNM
, |YOYtehY  s:qO~V~ftuYXeuehYje(3 lw 6¬D¢{o{nVYz}timVn}o£nV
o{e^W3qr~fY0lOno{n}ktuYXqOeho{nV  s qr~}~ftiYjeieiYXe^qwn ~
ehYX¢®¡µ¬­ehYX¢£Yjk;guo£lOnÁope3W3qr~VYJlrn¤~fYjktuYXqreio{nV  s
qr~V~ftuYXeueiYXeX«
, ?lf~fY´~fYOtiYXYqwn ~  s qO~V~ftuYXeuehYje(3 lr  ¬¨¢{o£nVY
zVtim}nVo£n} o{eW0qO~fY¿lOn nVlf~fY~fYXrtuYYJSVo{¢£Y
ehYX¢®¡µ¬­ehYX¢£Yjk;guo£lOnopeTW3qr~fY,lrn  s qr~}~ftiYjeieiYXe
,o{rmVtuYZehSVl?e1guSVYz6Yti¡¥lrtuW0qrn}kY,lr¡guSVY,giSVtuYY
eukSVYXWZYje«  n guSVY eiY
mVY¢1Y o{WZz}¢£YXWZYXng¿giSVY
o{n}ktiYjqreio£nV  s=qr~V~ftuYXeueiYXe0¡¥lOtlr  ¬¨¢£o{nVY¿z}timVn}o£nV
]¿sH| qwn}~´]JsH|¬ 1[1©,aL«



































,o{rmVtuY$ 3:|?Y¢pq¯c eiYg eho21Y ¡¥lOtÁ]¿sH|T¬ 1[1©^a
 qreiYX~+lrn o{n}ktiYjqreio£nV  s qr~V~VtiYjeie`§°rtuY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¢£¡µ¬¨eiY¢{YXkgiYj~
[1©,aexgqwn}~}eTo£n´6Ygx1YYn<«


























o{neio21YZlrt,qwtuYXqV« 0 n}~o{ngiSVope,kqreiYguSVY0z YXth¡¥lOth¬
W3qrn}kY,tuYW3qwo{n}eeio£W0o{¢{qrtX«






















































O(1 − p)¡¥lOt¤ehYX¢®¡µ¬­eiY¢{YXk;guYX~ [1©^a qrn}~9o{n
O((1 − p)2)¡¥lOt±n}Yo{rSd lOth¬­~fYjeho{rn}qwgiYj~3]JsH|«VRTSVopeTklOn*}tuW0e
guSVY¦qreueimVW0zfgio{lrngiS qg*eiY¢£¡µ¬DzVtumVnVo{nV¿qO~¯vxm}ehgueo£gh¬
eiY¢£¡0SVYn eilrW0Y tiYX¢{q¯cnVlf~fYXe´¡°qO~fYr« \  ¬¨¢{o£nVY
eiY¢£¡µ¬¨zVtim}nVo£n}¦]JsH| 6YS}q¯OYXeeio£W0o{¢{qrti¢{c¦gul¦}qreiopk
]¿sH| D}ldld~Vo£nV  o£giS ehlOW0Y0qO~fqwnguqrrY>zVtilO}q¬
}¢£c~VmVY,gil¦qZ¢pqwturYt1tuY¢pq¯cehYgX«
?lrgiopkY0guSVY0¡°qrkggiS}qwg lrgiSgiSVYlrnf¬¨¢£o{nVY3qwn ~





0 ¢®guSVlrm}rS ehSVlo{nV´eho{W0o£¢pqwt,tuY¢pq¯c¿ehYgeho21YO lrnf¬
¢{o{nVY zVtumVnVo{nV]JsH|e¿lrmVgiz6Yti¡¥lrtuW giS}Y ScdVtuop~
eukSVYXWZYO« RTS}YehYX¢®¡µ¬­eiY¢{YXk;guYX~ eiSVl?e3rYXtic ¢£o£ghgu¢£Y
¢{YXeue¦¢{lOeue0guS}qwn guSVY¿SdcdVtuo{~ eukSVYW0YOzVtilO}qw}¢£c
6YXkXqwm}eiY0lw¡1o®ge¢{qrtiOYt^tiYX¢{q¯c¿eiYgj«¦y?l1YOYt^giSVY
















!>W0lr}o£¢{o®gxcO« ¶ o£giSguSVope tuYXeiz6YXk;gjgx1lw¬
S}lrznVYXo£OSd lOtiSVldlf~,o{nf¡¥lrtuW3qgio{lrn*o{eW0lrtuY'¡¥tqwro{¢{Y
guS}qwnlrnVY¬DS}lrzn}Yo{rSd lOt±o{nf¡¥lOtiW3qguo£lOneio£n kY^giSVY















¡¥lOtehYX¢®¡µ¬­ehYX¢£Yjk;guYX~ [1©^a §¥cOY¢{¢£lª lrnf¬¨¢{o£nVYZzVtumVnf¬
o{nV]Js±| §¥tuYX~}ªrlr  ¬¨¢£o{nVY?z}timVn}o£nV]¿sH|§¥V¢{mVY¯ª;
]¿sH|T¬ 1[1©^a §°rtuYYXn ª
¡¥tuY
















n}Yo{rSd lOth¬­~fYjeho{rn}qwgiYj~[1©,a  YXS}q¯rY¦~Vo® LYtuYngi¢{c
o{nÁgiSVope¦tuYXeiz6YXk;gj«RTSVYXo£t¦6YS q¯o{lrte3qw¢peil ~Vo® LYt
o£giS qwtuo{lrm}eo{nf¡¥lrtuW3qgio{lrn lr}eilr¢{YXeukYXn}kY eukY¬
n qwtuo£oD«¶Y,o{¢£¢ klrn}eio{~VYt1gx±lZlr ehlO¢£YjeikYn}kY·eukY¬
n qwtuo£oD±S}YtuY´gx±lr¬DSVlOz o{nf¡¥lOtiW3qguo£lOnÁqwg3gio{W0Y
tklrW0YXe1¡¥tulrW83






(t − T, t)
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W0lOVo£¢{YrTqwn ~ guS}qg3YOYtuc nVlf~fY´¡¥lr¢{¢{l?eZqtqwnf¬
~VlrW:1qr¢£ÀL«^RTSVY>q¯OYtqwrYeiz6YYX~¿o{e·lw¡'lOnVY*mVn}o®g
lr¡^~fopehguqwn kYz YXt0gio{WZYOHguSVYtuY¡¥lOtiY´~fY *}nVo{nV giSVY
guo£W0Y·mVnVo£gX«±\¡<klOmVtehYOOnVlf~fYje±~Vlrn ! gHgutuq¯OY¢VguS}qg
~Vo{ehguqrn}kY¦o{n lrn}Y3gio{W0Y¦mVnVo£gX6YXkXqwm}eiY3giS}Yc qwtuY
o{n´z YXtiW3qrnVYng 1o{w¬ 1Xqr}«
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RTS}Yeio£W>mV¢pqgio{lrn e>lr¡·lOmfgu~VqwgiYj~ gx1lw¬¨SVlrz o£nf¡¥lOth¬
W3qwgio{lrneiSVlqrno{WZz6lrtiguqrng~fYOtuqO~Vqguo£lOn·lr¡fgiSVY
¡¥tqrkgio{lrnlw¡TgiS}Y¦nVlf~fYXegiS}qwgY fz YXtio{Yn kY¦qJklOth¬
tuYXkg·tuYXkYzfguo£lOn¿SVYngiSVY¦[1©,aJope·eiY¢£¡µ¬¨eiY¢{YXkgiYj~
§FehYXY3*}OmVtiYª;«RTSVYtuYXeimV¢£gue·qwtuYqwOqro£n´eimVtiz}tiopex¬
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